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© Process for producing shrink film and resultant shrink film layers and laminates. 



© A process for utilizing oriented polypropylene films to produce polyolefin shrink films having high unidirec- 
tional shrinkage. The thermal shrink properties of the films used in accordance with the present invention are 
characterized by shrinkage in the machine direction and transverse direction as a function of temperature. The 
shrink films of the present invention are used to label non-uniform contoured containers with printed single layer 
or laminated shrink film, and by exposure to a prescribed heat history, shrink the film to conform to the contour 
of the container. 
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The present invention is directed to processes for producing shrink films having high unidirectional 
shrinkage and r sultant shrink films; proc sses of using such shrink films to produc laminates and 
resultant laminat s of such shrink films and processes for using such shrink films and laminates to packag 
and/or label articl s f and resultant articl s to which such shrink film or laminat s of such shrink film are 

5 applied. More specifically the present invention is directed to the previously mentioned embodiments with 
respect to utilizing oriented polymer films, i.e., oriented polypropylene (OPP) films, to produce polyolefin 
shrink films and laminates having high unidirectional shrinkage which are particularly advantageous in 
labeling articles, such as beverage containers, having irregular shapes. 

A distinguishing characteristic of shrink film is its capacity, upon exposure to some level of heat, to 

70 shrink or, if restrained, to create shrink tension within the film. When such a shrink film is used in a process 
to label or wrap a container, and then is subjected to a heat history, this process causes the film to shrink 
around the product producing a tight, transparent or opaque, wrapping that conforms to the contour of the 
article and provides useful functions required of label or packaging materials. 

The ability of a film to shrink upon exposure to some level of heat arises from the orientation of the film 

75 during manufacture. During film manufacture, the films are usually heated to their orientation temperature 
range, which varies with the different polymers used for the films, but is usually above room temperature 
and below the melting temperature of the polymer. The film is then stretched in the cross or transverse 
direction (TD) and in the longitudinal or machine direction (MD) to orient it. After being stretched, the film is 
rapidly cooled to quench it, thus freezing the film in its oriented state. Upon heating, the orientation stresses 

20 are relaxed and the film will begin to shrink back to its original, unoriented dimension. 

The polyvinyl chloride (PVC), polystyrene, polyester, and polyolefin families of shrink films provide a 
wide range of physical and performance film characteristics. Rim characteristics play an important role in 
the selection of a particular film and may differ for each type of packaging or labeling application. 

Polyolefins have been most successful with applications where moderate to high shrink forces are 

25 preferred. Polyolefin films are also used on automatic, high speed shrink wrapping equipment where shrink 
and sealing temperature ranges are more clearly controlled. Polyolefin films are particularly suitable for this 
application because polyolefin films tend to be cleaner, leaving fewer deposits and less residue, which 
extend the life of the equipment as well as reducing equipment maintenance. The PVC films generally have 
lower shrink forces, and will seal and shrink over much broader temperature ranges than the polyolefins. A 

30 drawback to PVC films, however, is their tendency to emit noxious gases upon heat sealing and upon 
combusting during incineration, resulting in corroded machinery as well as a health hazard. 

The present invention is directed to processes for making a biaxially oriented polymer shrink film which 
involve subjecting a biaxially oriented polymer film to processing conditions and temperature effective to 
produce biaxially oriented polymer shrink films having thermal shrink properties including shrinkage in the 

35 machine direction of the film and transverse direction of the film as a function of the MD reorientation 
mechanical MD/TD draw ratio, wherein such conditions preferably include an MD reorientation mechanical 
MD/TD draw ratio between about 1 .01 and about 7.5 and a corresponding line speed comprising an input 
roll speed within the range of about 200 ft/min to about 1,500 ft/min and an 1.10 and 2.00 and the 
corresponding input roll speed is within the range of about 750 ft/min to about 850 ft/min, and the output roll 

40 speed is within the range of about 935 ft/min to about 1500 ft/min, and most preferably wherein the input 
roll speed is about 800 ft/min and the output roll speed is within the range of about 1100 ft/min to about 
1300 ft/min. 

The present invention is also directed to processes for making a biaxially oriented polymer shrink film 
which involve subjecting a biaxially oriented polymer film to processing conditions and temperatures 
45 effective to produce biaxially oriented polymer shrink films having thermal shrink properties including 
shrinkage in the machine direction of the film and transverse direction of the film as a function of 
temperature, wherein the processing temperature is within the range of about 70 *C to about 160*C, 
preferably within a range of about 90 *C to about 130*C. and more preferably within the range of about 
100*Cto about 120*C. 

so The present invention is also directed to processes for making a biaxially oriented shrink film which 
involve heating a biaxially oriented film to a temperature within the temperature range of 100* C to 151 *C; 
drawing the heated biaxially oriented film under conditions effective to extend the heated biaxially oriented 
film at least 1.10 times its original length in the machine direction; and cooling the drawn film while the film 
is still und r t nsion, whereby a shrink film is produced with thermal shrinkag properties being a function 

55 oft mperatur . 

Also, the present inv ntion is directed to a process for producing a laminate film which involv s forming 
a plurality of ori nted polym r films into a laminat comprising at I ast on polym r shrink film having an 
imbalanc of shrinkag consisting essentially of a machine direction (MD) shrinkage gr at r than a 
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transverse direction (TD) shrinkag , wh r in th MD shrinkag and the TD shrinkage ar functions f 
temperature as follows: 



5 


Shrinkage MD (%) 


Shrinkag TD (%) 


Shrink Test 








Temperature *C 




4 to 15 


-6to5 


100 




6 to 25 


-8to7 


110 




10 to 30 


-10 to 10 


120 


70 


12 to 40 


-12 to 15 


130 




20 to 40 


-15 to 15 


140 




20 to 40 


-20 to 15 


150; 



and wherein the biaxially oriented shrink film exhibits tensile properties selected from the group consisting 
75 of: 



Modulus 

20 MD, psi 350,000-850,000 

TD, psi 100,000-500,000 

Tensile Strength 

MD, psi 30,000-50,000 

TD, psi 15,000-35,000 

Ultimate Elongation 

30 MD, % 20-120 

TD, % 50-250. 



25 



The present invention is also directed to a process for packaging an article within shrink film, which 
involves providing a biaxially oriented polymer film having an imbalance of shrinkage consisting essentially 
of a machine direction (MD) shrinkage greater than transverse direction (TD) shrinkage; covering at least a 
portion of an article with the biaxially oriented polymer film; and subjected the article having at least a 
portion covered with the biaxially oriented film to heat at a temperature sufficient to shrink the biaxially 
oriented polymer film around at least the portion of the article, wherein the article has an irregular shape, 
preferably wherein the article is a container such as a beverage can. 

The present invention is also directed to shrink films, laminates of shrink films, and articles covered at 
least in part with such shrink films and laminates thereof, wherein the shrink film is composed of a biaxially 
oriented polymer film having an imbalance of shrinkage consisting essentially of a machine direction (MD) 
shrinkage greater than a transverse direction (TD) shrinkage in a MD/TD ratio of 2:1. Preferably wherein the 
MD shrinkage and the TD shrinkage are functions of temperature as follows: 



50 



Shrinkage MD (%) 


Shrinkage TD (%) 


Shrink Test 
Temperature *C 


4 to 15 


-6 to 5 


100 


6 to 25 


-8 to 7 


110 


10 to 30 


-10 to 10 


120 


12 to 40 


-12 to 15 


130 


20 to 40 


-15 to 15 


140 


20 to 40 


-20 to 15 


150. 



The biaxially oriented film of th pr sent invention pr ferably xhibits t nsil properties selected from th 
group consisting of: 



3 



EP 0 498 249 A2 



Modulus 



5 



MD, psi 
TD, psi 



350,000-850,000 
100,000-500,000 



Tensile Strength 



10 



MD, psi 
TD, psi 



30,000-50,000 
15,000-35,000 



Ultimate Elongation 



MD, % 
TD, % 



20-120 
50-250. 



75 



For purposes of the present invention, and particularly for the shrink films, laminates of shrink films, and 
shrink films and laminates thereof used to label articles in accordance with the present invention, MD 
shrinkage is greater than about 15% and the TD shrinkage is about 10% at about 140*C, preferably 

20 wherein the TD shrinkage is less than about 5%, and more preferably wherein the TD shrinkage is within 
the range of about -5% to about 5%. The TD shrinkage may also be less than about 2%; in which case, the 
TD shrinkage is preferably within the range of about -2% to about 2%. Most preferably, the TD shrinkage is 
about zero, or wherein the biaxially oriented film has substantially zero TD shrinkage. The MD shrinkage is 
preferably greater than about 25% at 1 40 ' C. 

25 For purposes of the present invention, the biaxially oriented film has a minimum draw ratio of less than 
about 1.4 RD. Preferably the minimum draw ratio is within the range of about 1.01 to 1.4 RD. The biaxially 
oriented film of the present invention has a film reorientation MD/TD mechanical draw ratio within the range 
of about 1.01 to about 1.5. Preferably the reorientation MD/TD mechanical draw ratio is within the range of 
about 1.1 to about 1.37; more preferably, the reorientation MD/TD mechanical draw ratio is within the range 

30 of about 1.12 to about 1.35. 

For purposes of the present invention, the biaxially oriented film may be selected from the group 
consisting of clear films and opaque films; the biaxially oriented polymer film may also be selected from the 
group consisting of monolayer films, multilayer films, coextruded films, extrusion coated films and coated 
films. "Hie shrink films of the present invention are composed of polyolefins, such as polypropylene. 

35 Preferably the biaxially oriented polymer film has a thickness within the range of about 50 to about 200 
gauge, and more preferably within the range of about 70 to about 140 gauge. 

Thus, the present invention is directed to polymer shrink films, such as polyolefin films and laminates 
with unique thermal shrink characteristics. The thermal shrink properties of the novel polymer shrink films 
and laminates of the present invention differ from conventional oriented polymer films while still maintaining 

40 the useful characteristics of oriented polymer film. Thermal shrink properties of the novel polyolefin films of 
the present invention are characterized by shrinkage in the machine direction (MD) and transverse direction 
(TD) as a function of temperature. 

The present invention is advantageous in that the useful properties common for oriented polyolefin films 
are maintained while providing thermally shrinkable polyolefin films and laminates which are particularly 

45 useful as labeling and packaging materials. 

The novel and unique polymer shrink films and laminates of the present invention are particularly 
suitable for labelling non-uniform contoured articles with a printed single layer of the oriented polymer 
shrink film or printed laminate of oriented polymer shrink film which, by exposure to a prescribed heat 
history, shrinks to conform to the contour of the article, such as a beverage container. 

so For purposes of the present invention, certain requirements for the processes for the polymer shrink 
film manufacture, lamination of the polymer shrink films, and the container labeling and packaging have 
been discovered to be important in order to realize the advantages of the present invention. 

In this regard, it is critical that the shrink film must manifest a resistance to MD directional alteration in 
dim nsion during typical label pr paration and application to maintain uniform r peat length and registration 

55 as imparted by applied heat/or tension history. The film also must be r sistent to MD and/or TD directional 
lamination curl to maintain uniform lamination flatness. The film should maintain ov rail web flatn ss, as 
exhibited by typical ri nted polyol fin films, as well as singl w b or lamination stiffness as required for 
conventional printing, laminating, and label-to-container feeding operation. 
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Anoth r important advantag of th pr sent invention is that th use of a polyol fin based label is 
inher ntly more environmentally compatible in th manufactur and recycle process. Current shrink labels 
ar foamed polystyr ne and PVC. Foamed polystyrene is inh r ntly nvironmentally unfriendly due to th 
use of chlorofluorocarbons (CFCs) in th foaming process, and PVCs ar disliked due to the caustic 
s incineration side products, which are eliminated by the present invention. 

Figure 1 is a schematic illustration showing a sequential blown film process for making shrink film. 

Figure 2 is a schematic illustration showing a sequential tenter film process for making shrink film. 

Figure 3 is a schematic illustration showing an out-of-line process for making shrink film. 

Figure 4 is a schematic illustration showing a process for making shrink film laminates. 
10 The present invention is based on the discovery of temperature, machine draw parameters and film 
parameters that allow for control of resultant shrinkage of a polymer film. More particularly, by achieving a 
balance of temperature, draw ratio, line speed, and oriented polymer film properties, the new process of the 
present invention is able to produce enhanced machine direction (MD) shrinkage with a very low degree of 
transverse direction (TD) shrinkage. This balancing of MD and TD shrinkage, particularly in oriented 
75 polypropylene (OPP) films, imparts the unique shrink label and packaging characteristics of the present 
invention. 

The MD re-orientation in accordance with the present invention involves placing a conventional OPP 
polymer film on a series of heated rolls or in an oven and, by keeping the temperature of the heated rolls or 
oven below the melting temperature of the film, the stress necessary to orient the film is reduced. For 

20 example, polypropylene begins to shrink near 100*C and shrinkage continues to increase until melting at 
greater than about 160 # C. The MD re-orientation can take place after the OPP film is produced or, in some 
cases, the re-orientation can take place in line while the OPP film is being produced. Most polymer 
products respond to this orientation with an enhanced high temperature shrinkage. The majority of the 
products' response is in the direction of the imposed strain. 

25 The basic processes for producing polymer films for use in accordance with the present invention to 
make the novel polymer shrink films may be selected from the group of conventional processes for 
producing BOPP polymer films, such as the tubular and tenter techniques. 

In general, in the tubular or bubble process, molten polymer is extruded from an annular die and then 
quenched to form a tube. The wall thickness of the tube is controlled partly by the annular die gap and 

30 partly by the relative speeds of extrusion and haul-off. The tube passes through slow running nip rolls and 
is then re-heated to a uniform temperature. Transverse drawing is achieved by increasing the air pressure 
in the tube, the draw ratio, and/or by adjustments to the volume of entrapped air. The air is trapped by 
pinch rolls at the end of the bubble remote from the extruder and these are generally run at a faster speed 
than the first pair, thus causing drawing of the film in the machine direction. The tubular process thus 

35 obtains simultaneous transverse and forward orientation. 

In the second of the previously mentioned processes, i.e., the tenter process, the polymer is extruded 
through a slot die and quenched. The extruded sheet is normally oriented in two sequential steps. The first 
step is usually longitudinal orientation between rolls running at different speeds. In the second stage, the 
film enters a tenter frame, where it is stretched laterally by means of diverging chains of clips. Whereas the 

40 bubble process operates at constant pressure, the tenter frame process operates at a constant rate of 
elongation. Somewhat higher stretching forces are required in the second stage which may be carried out at 
slightly higher temperatures. This is mainly due to crystallization of the film during the first stretching 
operation. The tenter frame process can also be carried out as a simultaneous operation in which an 
extruded sheet with beaded edges is biaxially oriented in a tenter frame equipped with diverging roller grips 

45 for holding and stretching the film. 

The tenter or tenter frame operation has the advantage of considerable versatility, producing films with 
a wide range of shrink properties. 

After stretching, polymer orientation is locked into the film by cooling. When the oriented film is 
subsequently heated up to temperatures in the vicinity of the stretching temperature, the frozen-in stresses 

so become effective and the film shrinks. Strains and stresses which are related to the degree of orientation 
and the forces which are applied during stretching are thereby recovered. 

The polyolefin shrink films of this invention can also exhibit a variety of surface behavior or characteris- 
tics common to typical OPP packaging films as is known to the art. 

Th charact r of a polym r surface can be changed in sev ral ways. On m thod is to xpose th 

55 surface to an nergy source, such as a corona discharg , plasma, or an x-ray or lectron bombardment. 
This can be done over a broad t mperatur range in an in rt atmosphere or reactive atmosphere. 
Depending on th t mperatur , int nsity, rat of application, and frequency of th n rgy and th nature 
and cone ntration of th chemical medium in contact with the surfac before, during, and/or aft r n rgy 
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application, a wide range of physical and/or ch mical modifications of the film surfac can be ffected. 

A second way to change a polym r surface is to cause an internal chemical additive to bloom to the 
surface by the application or r moval of heat from the film. Attemativ ly, a substance on th surfac of th 
film can be made to migrat insid of th film and away from th surface by th application or r moval of 
5 heat from the film. The chemical nature of the substance or additive and the time/temperature history to 
which it is exposed can lead to a wide range of possible surface modifications. 

A third way to change a polymer surface is to cause a change in surface morphology by the application 
of heat and/or pressure to the film. The physical and topological nature of the surface can be altered, for 
example, by annealing a film and changing the crystalline structure present on the film surface. 
70 The MD re-orientation of biaxial ly oriented polypropylene film (BOPP) is more complex than for 
conventional films due at least in part to initial residual stresses placed on the film. For example, in 
accordance with the present invention, it has been discovered that at a 140* C shrink temperature, BOPP 
films may shrink 15% in the machine direction (MD) or transverse direction (YD). After this same film is 
tensilized, 5-30% transverse direction reduction in film width results and 140*C film shrinkage is biased in 
75 the MD direction, i.e. 140* C MD shrinkage equals 25% and 140* C TD shrinkage equals 5%. 

This is in contrast to prior art procedures wherein polymer strapping, fibers and film can be 
drawn/tensilized to re-orient and structure to produce properties different from the original product. 

For purposes of the present invention, the following procedure, derived from ASTM method D2732-83, 
which is designed to measure unrestrained linear shrinkage in both the machine and transverse directions, 
20 was used for measuring unrestrained linear thermal film shrinkage in a single direction at a time. 

A polydimethylsiloxane fluid (0.5 cs) bath is first preheated to desired temperatures within the range of 
about 100* C to 140* C. 

Rim samples are precut to 0.5" x 22 cm and a 20 cm span is marked in the sample center. Ends are 
left on a sample so the sample can be anchored for immersion. One end of at least three films of each 

25 sample is placed in an immersion rack. A 1.2 g metal alligator clip is attached to the free long end of each 
film strip to keep the film from floating in the bath. The machine direction and the transverse direction are 
tested for each film. The heater/stirrer is then turned off and the samples on the rack are immersed into the 
proper temperature bath for a count of five seconds prior to being removed from the liquid. The samples 
are immediately measured and their % shrinkage calculated. For example, with a 20 cm sample span, a 

30 shrinkage of 1 mm equals 0.5% shrinkage. The average % shrinkage of all the samples run in one direction 
(MD or TD) is then recorded for a particular film sample. If there is an elongation rather than a shrinkage, a 
negative value is reported. 

Thermal shrink properties of the novel polymer shrink films of the present invention are characterized 
by shrinkage in the machine direction (MD) and transverse direction (TD) as a function of temperature. 

35 These shrink characteristics are outlined as follows: 



Temperature *C 


Shrinkage MD (%) 


Shrinkage TD (%) 


100 


4to15 


-6 to 5 


110 


6 to 25 


-8to7 


120 


10 to 30 


-10 to 10 


130 


12 to 40 


-12 to 15 


140 


20 to 40 


-15 to 15 


150 


20 to 40 


-20 to 15. 



The unique thermal shrink properties, combined with the orientation/tensile properties of the novel 
polymer shrink films of the present invention allow for the useful practice of using conventional labeling 
equipment of the novel films of the present invention. 

The tensile properties are characterized as follows: 



55 
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UNIQUE TENSILE PROPERTIES OF THIS INVENTION 


Property 


Typical OPP 


Uniax Shrink Rim BOPP Shrink Rim 


Modulus, psi MD 


280,000-350,000 


50,000 


350,000-850,000 


TD 


350,000-390,000 


160,000 


100,000-500.000 


Tensile MD 


22,000-30,000 


30,000 


30,000-50.000 


Strength, psi TD 


30,000-43,000 


5,000 


15.000-35,000 


Ultimate MD 


70-165 


130 


20-120 


Elongation, % TD 


30-50 


1100 


50-250. 



The tensile strength, elongation and modulus were measured using the ASTM D882 test procedure. 
The processes of the present invention, as described herein for producing shrink film and resultant 
shrink film layers and laminates are polymer-based polyolefin films such as polypropylene. In this regard, 

is the polypropylene character of the film is preferably a homopolymer, although copolymers of propylene 
with minor amounts of ethylene or an alpha-olefin and the respective blends can also be used. Typical 
commercially available film-forming propylene homopolymers are crystalline or isotactic in their molecular 
structure and normally have a melt flow rate of about 2 to 10 dg/min. Conventionally, the polypropylene is 
compounded with conventional additives such as anti-oxidants, light stabilizers, inorganic antacids, such as 

20 calcium oxide or magnesium aluminum hydroxide carbonate hydrate in addition to fatty acid amide slip 
agents. 

In accordance with the present invention, the novel polymer shrink films of the present invention can be 
used as a single web or formed into a laminate, with use as a laminate being particularly beneficial. 

For purposes of the present invention, any conventional lamination process may be used inasmuch as 
25 the novel polymer shrink film of the present invention has been observed to be capable of being suitably 
laminated using known technology, e.g., selected from the group consisting of wet bonding, dry bonding, 
hot melt or wax laminating, extrusion lamination, and thermal or heat laminating; however, dry bonding and 
thermal or heat laminating are preferred. 

Dry bonding involves applying adhesive to one of the films or webs. The solvent is evaporated from the 
30 adhesive and the adhesive-coated web is combined with the other web material by heat and pressure or by 
pressure only. 

Thermal laminating brings together coated substrates under heat and pressure. Typically, the webs are 
heated to the softening point of the coating; however, improved results, e.g. in clarity, are obtained when 
using preheat rolls and a steam box. 

35 Related to this, labels are normally printed and the printing is expected to be permanent. If the exposed 
printed surface is abraded, then the printing can be removed or scuffed. If, however, the printing is on the 
inside surface of a clear film and this clear film is laminated to another film, the printing is protected by the 
clear film. Alternatively, the printing can be on the inside surface of the clear or opaque web laminated to 
the clear protective overweb. In addition, the outermost surface of the laminate can be made matte, glossy, 

40 of low coefficient of friction, different in surface tension or composition, independent from the nature of the 
surface required to accept inks. Also, the adhesion of the printed film to a container can be influenced by 
the presence of ink. For example, a typical failure of a film-to-container bond will occur by separation at the 
weakest point or at the ink from the film, with no failure of the adhesive. By placing the ink between the 
layers of a laminated film this weak point is removed, allowing for the adhesive to bond directly from 

45 laminate surface to the container. Printing can also be applied to a clear film layer and either a clear or 
opaque film, or a metallized version of either type of film, can be laminated to the printed web. For 
purposes of the present invention, the novel polymer shrink films may be printed using conventional printing 
techniques including flexographic printing and rotogravure printing. 

Flexographic printing procedures typically employ presses selected from the group consisting of stack, 

so central-impression, and in-line presses; flexographic printing which employs a central impression or 
common impression plate is preferred. 

Plate preparation for flexography involves taking the art work through standard engraving procedures to 
form a zinc plate. At this point, a phenolic resin negative of the zinc plate is made from which the rubber 
positiv of the zinc plat can be formed by standard molding methods using 0.01 25-inch-thick rubber 

55 sheeting formulated for plat making. Altemat ly, photosensitiv glass and plastics, may be used instead f 
th zinc plat s. 

A typical m thod of mounting th plat mploys a pr ssur sensitiv mat rial t adher th rubber 
plat to th plat cylinder; vulcanizing the rubber plat to a metal brace that can be clamped around th 
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plate cylinder may also be used for this purpose. 

A conventional flexographic press consists of four sections: An unwind station for the web to be printed, 
a printing section, a drying oven, and a windup for the finished printed w b. 

The unwind section provid s for th mounting of two additional rolls and a flying splic mechanism that 
5 allows for automatic splicing of the new roll to the expiring roll going through the press. Similarly, the 
windup section is provided with multiple windup spindles, usually two, and a mechanism for cutting the web 
when the roll on one spindle has reached a desired size and for attaching the free end to a core mounted 
on the second spindle for continuous output. 

Web tension has a definite effect on print register and on slit roll quality, and particularly on central- 
w impression flexographic presses, the web should be pulled tight around the central drum to eliminate 
wrinkles or flatness deficiencies. 

Drying is performed with high-velocity hot air generated by gas burners, distribution ducts, and 
between-color dryers. The latter are a major aid in trapping the ink laid down in one color station before the 
next color is printed. This prevents the new color from causing the previous color to smear. 
15 Drying temperature should be as high as possible to ensure best solvent removal; however, drying 
temperature should not be high as to cause film shrinkage. A suitable manner for determining proper 
temperature is to increase heat until film shrink begins, i.e., 2 to 5%, and then back off 5* F. For purposes 
of the present invention, web temperature is preferably approximately 170*F; although the printing process 
may run at a slightly higher drying temperature. 
20 The rotogravure process uses a metal cylinder printing member into which the design to be printed has 
been etched. Rotogravure equipment resembles an in-line flexographic press in that it, too, requires an 
unwind, a printing section, a dryer, and a rewind. However, each color station has a dryer designed to dry 
one color completely. 

A typical rotogravure color unit includes an impression roll, a printing (engraved) cylinder or roll, an ink 

25 supply, e.g. an ink pen or fountain, and a doctor blade. The printing cylinder rotates in the ink fountain, 
picking up excess ink. The doctor blade, which oscillates parallel to the axis of the printing cylinder to 
prevent accumulation of dirt behind the blade that can cause streaks, removes the excess, permitting ink to 
remain only in the cells of the engraved part of the roll, since the bottom of the cells are below the surface 
of the cylinder. The impression cylinder, which is rubber covered, squeezes the web to be printed against 

30 the engraved roll, causing the web to remove ink from the engraving as it leaves the nip, thus 
accomplishing transfer of ink from the printing cylinder to the moving web. In flexography, the printing is 
done by a molded rubber plate using a metal impression roll. In rotogravure, the printing plate is an 
engraved metal roll and the impression roll is rubber covered. A typical rotogravure press arrangement also 
includes two color stations, although eight color presses that can print several-tone cylinders and line 

35 cylinders, e.g., for type and can apply an overall high-gloss lacquer in-line are also typical. Rotogravure 
presses may also having flying splice unwinds with precise tension controls. 

The process of using the novel polymer shrink films of the present invention to produce laminates 
which are applied to an article in accordance with the present invention has been discovered to overcome 
the previously mentioned disadvantages. In this regard, the present invention allows for a single printing 

40 operation to produce as many as four laminate variations. Also, shrinkable webs with different shrinkage 
properties can be laminated to a common printed shrinkable web to give laminates with different shrinkage 
properties tailored to the particular container or the requirements of the application. In addition, shrinkable 
webs of different shrinkage properties can also be laminated together to give a laminate whose shrinkage 
properties might be difficult to achieve using only a single film. 

45 Related to the embodiment of the present invention which employs laminates, the heat shrinkable 
laminations may be composed of two or more polymer shrink films or heat shrinkable webs. Each polymer 
shrink film or web may function on its own as a heat shrinkable label or each web may be clear or opaque, 
metallized or non metallized, have similar or dissimilar surface character and shrinkage properties. In these 
embodiments, each web is preferably composed of polypropylene, a polypropylene copolymer or a blend 

so of polypropylene, and a polypropylene copolymer. Each web is preferably biaxially oriented, providing high 
strength in all directions of the film plane, unlike uniaxially oriented films which are strong in the orientation 
direction but weak in the perpendicular direction. 

The process according to the present invention may be further appreciated by reference to the 
following xamples which ar , of course, only r presentativ of th present inv ntion and in no way ar 

55 meant to limit th pr sent inv ntion in any way to th particulars which are disclosed. Thus, th following 
ar given m rely as non-limiting exampl s to further explain th pr sent invention. 

Example 1 
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SEQUENTIAL BLOWN FILM PROCESS FOR MANUFACTURING SHRINK LABEL FILM 

Th manufacturing apparatus used in the sequential blown film process as shown in Figur 1 consists 
of an xtruder system 1, a tubular die 2, a water bath qu nch system 3, a nip roll assembly 4, reheating 
5 oven 5, a single stage bubble blowing section 6 (where MD and TD draw occur), a convergence section 7 
including convergence rolls (7a, 7b and 7c), and draw rolls 8, a heating oven 9 for altering shrinkage 
properties, draw rolls 10 and a mill roll winder 11. 

The extrusion system 1 consists of an extruder with output capabilities of 400 Ib/hr. The terminal end of 
the extruder has an annular die 2 which forms the melted polymer into a hollow polymer tube (six inches in 
10 diameter). 

After the polymer tube has been extruded, it is quenched in a temperature controlled water bath 3. The 
tube continues through a nip 4 and into ovens 5 where the polymer tube is reheated. At this point, the tube 
is blown into a thin walled bubble 5. The controlled internal pressure in the polymer tube causes the hot 
tube to expand, drawing the film in the TD direction. A fast nip (with speed S1) draw rolls 8, located after a 

75 multi roll 7 v-shaped convergence section 7, causes the bubble to be drawn in the MD simultaneous with 
TD draw. The drawn film of width (W1) passes through a heating oven 9. The width is allowed to contract at 
the end of the oven (to W2), resulting in altered TD shrink properties. The film is pulled through the heating 
oven by a nip of draw rolls 10 located at the end of the oven. The speed at which the nip pulls the film 
through the oven is represented by S2. By controlling speeds S1 and S2, the MD shrinkage properties are 

20 altered. S2 speed can be greater than, equal to, or less than S1 depending upon the final shrink properties 
desired. The film is then wound onto a roll using a mill roll winder 11. 

Table A illustrates that the 140* C MDHD shrinkage ratio is between 25%/8% and 23%/5%. Example 1 
demonstrates that film with desirable shrinkage properties can be produced using a sequential blown film 
process. 
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SEQUENTIAL TENTER FILM PROCESS FOR MANUFACTURING SHRINK LABEL FILM 

The manufacturing apparatus used for purposes of the present invention is illustrated schematically in 
Figur 2. It is composed of four extrud rs in an xtruder and di section 21; a one/two stag MD draw 
section 22, a tent r ov n 23, a post MD stretch unit 24 and a mill roll winder 25. 
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Th xtrusion system 21 is composed of one main xtruder (60 kg/hr maximum utput) and three 
satellite xtruders (two with 12 kg/hr maximum output and one with a 6 kg/hr maximum output), not shown. 

Th casting unit of th one/tw stage MD draw section 22 is composed of an air knife (not shown), a 
chrom casting roll 26, a wat r bath (not shown), and a d watering air knif (n t shown). The m ft is laid on 
5 a chill roll (not shown), which brings one side of the casting into contact with a cold mirror chrome surface. 
Seconds later, the other side of the casting is introduced to the water bath. The casting drum or roll 26 is oil 
heated and cooled, allowing for rapid temperature change. 

The forward draw unit 27 of the MD draw section 22 allows the film to travel around a dancer roll (not 
shown), six preheated rolls (not shown), around six draw rolls (not shown), four anneal (fast) rolls (not 
w shown), and an exit dancer roll (not shown). By using circulating oil, all of the rolls are capable of heating 
and cooling. 

The tenter oven 23 consists of six sections (not shown). Each section has a separate temperature 
control (not shown) and a fan (not shown) for air flow control. The oven has electrically heated air with a 
variable temperature range of 50* C to 250* C in any section. The maximum draw for any single section 
75 using a standard uniax width is seven times. By using two orientation sections, the tenter is capable of a ten 
times maximum draw. The oven is equipped with clip cooling, that enables draw at temperatures of over 
200*C. 

The tensilizer is an in-line post MD draw unit 24, which takes film directly from the tenter oven. The 
tensilizer consists of nine mirror chrome preheat rolls (not shown), one or two stage draw (not shown), and 
20 four chrome fast (anneal) rolls (not shown). The unit uses 180* wraps on the nine preheat rolls (not shown) 
to reduce slippage. The roils are mounted alternately on two separate frames. The preheat rolls temperature 
is controlled in adjoining pairs. Infrared heating is an option at the point of draw. 

Rim is manufactured from the tandem configuration of a machine direction orientation (MDOytransverse 
direction orientation (TDO)/secondary stage machine direction orientation unit. This OPP film is 128 gauge 
25 and 44.6 inches wide. The input shrinkages to the second stage MDO are 10% in the machine direction and 
6% in the transverse direction. The tentered film is fed directly into the second stage machine direction 
orientation. Orientation was at 120*C with machine draw ratios (RS) between 1.40 to 1.70. 

Table B illustrates the 140* C MD/TD shrinkage to be between 29%/0% and 33%/2%. This example 
demonstrates that film with desirable shrinkage properties can be produced by sequential tenter process. 
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55 Exampl 3 

OUT OF LINE PROCESS FOR MANUFACTURING SHRINK LABEL FILM 
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Th manufacturing apparatus shown in Figur 3 consists of an unwind stand 31, 15 driv n film rolls 32 
(each with a variable speed and heating control), including a driven chill roll, and a winding stand 33. 
Biaxially oriented film to be conv rted into shrinkable film is load d int th unwind stand 31. This film can 
be produced by any proc ss; how v r, biaxially ori nted films mad by a t ntering or a bubbl process ar 
5 generally used. The film can be clear or opaque and single layer or multilayer. The film is usually in the 
thickness range of 50 to 200 gauge, most preferably 60 to 140 nominal gauge. 

After unwinding, the film passes from a feed section (three powered rollers - i.e., nos. 1-3) into a 
preheat section. This section of three powered rollers, i.e., nos. 4-6 contains two large diameter preheated 
rolls with a 180" wrap of film, to raise the incoming film to proper operating temperature. The film is then 
70 passed through a draw zone of five powered rolls, i.e., nos. 7-11 , followed by a corona treatment zone with 
two powered, ceramic rolls, i.e., nos 12 and 13, then over large diameter chill roll no. 14 which reduces film 
temperature before windup, and finally, through an output nip (no. 15) before windup. 

Powered roll speeds are increased from unwind to windup enabling the film to be drawn or tensilized in 
the machine or longitudinal direction. Roll speed of roll no. 1 at the entrance to the feed zone is nominally 
75 800 feet/minute. Roll speed at the chill roll no. 14 varies from 1000 to 1500, depending on the amount of 
draw desired to be imparted to the film. The mean operating temperature of the process is usually between 
90 * C to 1 50 * C with the chill roll temperature ranging from 60 • F to 90 * F. 

Clear films with moderate 140 # C MD shrinkage (25%) and minimal 140 # C TD shrinkage (3%) have 
been produced by this process (see Table C). Table C illustrates a range of shrinkable films with higher MD 
20 shrinkage (up to 32%) with low TD shrinkage (5%). 
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50 Opaque films, with moderate 140*C MD shrinkage (20%) have been produced by this process (see 
Table D). Another example in the same table illustrates an opaque shrinkable film higher MD shrinkage 
(33%) and lower TD shrinkage (-19%). 
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so These thermal shrink properties are also in multilayer film laminates of clear/clear, clear/opaque, 
opaque/opaque or a metallized version of any combination. Table E lists several examples. 
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As used herein in connection with measured quantity, "roll speeds" are the machine speeds that are 
measured using a tachometer, wherein "S1" is input roll speed measured in ft/min; and "S2" is output roll 
speed measured in ft/min. "Rim speeds" are the actual surface film speeds as measured by a tachometer, 
so wherein "F1 " is the input film speed measured in ft/min; and "F2" is the output film speed measured in 
ft/min. "T1 " is input film thickness. "W1 " is input film width. "T2" is output film thickness. "W2" is output 
film width. As used herein in connection with calculated ratios: "Run Speed Ratio" is RS = S2/S1; "Rim 
Draw Ratio" is RD = T1xW1/ (T2xW2). Also as used herein, MD mechanical draw is the ratio of output roll 
speed to input roll speed. 

55 For purposes of th pr sent inv ntion, th input roll speed (S1) has a pr f erred rang of 200 to 1500 
ft/min with a more pref rred range of 750 to 850 ft/min with most preferred range of 800 ft/min. The output 
roll speed (S2) has a pr f rred range of 201 to 1501 ft/min with a mor pref rred rang of 1050 to 1400 
ft/min and with a most pr f rred rang of 1100 to 1300 ft/min. RD is calculated at a pr f rr d rang of 1.01 
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to 1.5 with a mor pr ferred rang of 1.1 to 1.37 and a most pr f rred rang in clear film of 1.12 to 1.27 
and 1.18 to 1.35 in opaqu film. Th pr f rred t mperatur rang for imparting the desired shrink properties 
is 70 # C to 160*C with a more pref rred rang of 90 # C to 130*C and a most preferred range of 100*C to 
120-C. 

5 The preferred method of and means for heating the film is selected from the group consisting of heated 
rolls, hot air oven, and infrared oven. The more preferred method of heating the film is heated rolls and 
infrared ovens, with the most preferred method being heated rolls. The preferred number of draw gaps is 
between one and 12 with the more preferred number being between one and six. 

The film thickness at S1 has a preferred range of 40 to 200 gauge with a more preferred gauge in clear 

70 film within the range of 60 to 110 gauge and in opaque film within the range of 90 to 140 gauge. The most 
preferred gauge in clear film is within the range of 70 to 90 gauge and within the range of 120 to 140 gauge 
in opaque film. 

The type of film anchorage during draw includes electrostatic pinning and nip rolls with both types 
being preferred. The film tension during draw has a preferred range of 2000 psi to 10,000 psi. 

75 

EXAMPLE 4 

LAMINATIONS OF SHRINK LABEL FILMS 

20 Reference is made to Figure 4, which schematically illustrates a film lamination process wherein a 
shrinkable label film lamination is prepared by coating one side of one roll of shrinkable label film 41 with 
an adhesive solution 42, evaporating the solvent in an oven 43, then bringing the coated side into contact 
with another roll of shrinkable label film 44 in a combining nip 45. The resulting roll of shrinkable label film 
lamination 46 is then wound up. 

25 A 20 inch wide roll 41 of shrinkable label film is mounted in the primary unwind stand of a Faustel 
printer-coater-laminator. This film can be either clear or opaque shrinkable label film but is usually clear. 

A thermosetting urethane adhesive, Morton Adcoat 333, is diluted with methyl ethyl ketone until a #2 
Zahn cup viscosity of 17.5 is achieved. This adhesive solution 42 is placed into a reservoir 47 in contact 
with a 130 quad pattern gravure cylinder 48, chosen to deliver an adhesive coating weight of 0.7 to 1.5 

30 lb/ream to the shrinkable label film at 200 ft/min. 

One side of the shrinkable label film is coated with the adhesive by direct gravure coating. If the film is 
caused to be opaque by containing voids, it is preferred that the side to be coated with adhesive consists of 
a thin, nonvoided skin. 

Solvent is evaporated from the film coated with adhesive in a drying tunnel 43 maintained at 170* C to 
35 180*C during a 3.5 second residence period. The tension in this film web is maintained at 0.75 lb/linear 
inch. 

A second roll 44 of 20 inch wide shrinkable label film is mounted in a secondary unwind stand. It can 
be either a clear or opaque, coated or metallized shrinkable label film. The tension of this film web is 
maintained at from about 1 to 1.25 lb/linear inch. 

40 The coated surface of the primary film is then brought in contact with one side of the second shrinkable 
label film roll under pressure in a combining nip 45. If the second film is caused to be opaque by containing 
voids, it is preferred that the side to be brought in contact with the adhesive coated side consist of a thin, 
nonvoided skin. The resulting laminated roll 46 is wound up on a winding stand. 

The novel polyolefin shrink films in accordance with the present invention have been discovered to be 

45 particularly advantageous in labeling articles having irregular shapes. For purposes of the present invention, 
the article may be a straight-walled or contoured aluminum, steel, metal, plastic, glass, composite, or 
tubular or spiral wound cardboard container (especially a can or tin) for beverages (especially soda and 
beer), foods, or aerosols. 

In this regard, either a single layer or laminate layers of novel polymer shrink films in accordance with 
so the present invention is capable of being heat shrunk onto an article, such as a beverage can, the upper 
and bottom parts of which are tapered inwardly. The novel shrink films and laminates of novel shrink films 
in accordance with the present invention are particularly advantageous in labeling more modern beverage 
cans which taper inwardly at the upper and lower extremities so that a label must either avoid extending to 
th se extr miti s or must conform closely to the shapes th reof: for xampl , in accordance with th 
55 procedur s disclosed in U.S. Pat nt No. 4,844,957, th disclosure of which is her by incorporat d her in in 
its entir ty by r f rence ther to. 

For purposes f this mbodim nt of th present inv ntion, incoming packag s ar spac d by an infeed 
worm and transf rred, via th infeed star, to a central rotary carous I. H r , firmly located between a base 
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platform and ov mead centering bell, they ar caused to rotat about their own axes. As th label is 
withdrawn laterally from the magazin , it receives hot m It adhesives to provid th overlap bond. 
Continued r tation of the packag past a short brushing section nsures a positiv ov rlap seal. Th fully 
labelled packag s ar then transferred, via th discharge star-wheel, to the down-stream conveyor. 

5 The labeller is particularly useful for applying wrap-around labels made from shrinkable plastic film in 
which case, the overlap bond is achieved by the previously mentioned hot melt adhesive technique. The 
adhesive used is dependent upon the type of plastic film used. The plastic label is applied in the previously 
described otherwise conventional way by the labeller using the hot melt adhesive, and the size of the label 
is such that it extends (top and bottom) beyond the cylindrical portion of the bottle or can. After labelling, 

io bottles or cans are passed through a heating sector to ensure the upper and lower label areas shrink tightly 
and uniformly to the bottle contours. For purposes of the present invention, it has been discovered that hot 
air preferably should be directed towards the top and bottom of the label or other specific area of the 
labelled container where a non-uniform contour is located to allow preferential shrinkage of the heat shrink 
labels in these areas. 

75 In contrast to the present invention, none of the conventional labels or other known labels have been 
observed to be as suitable for labeling of irregularly shaped beverage containers, and other irregularly 
shaped articles, as contemplated in accordance with the present invention. For example, conventional labels 
have been observed to distort during the process of applying the same to irregular shaped articles, for 
example by heat shrinking. More importantly, however, such conventional labels, and particularly laminated 

20 labels, do not readily conform to the irregular shape of the article, for example, especially at the tapered 
extremes of beverage containers, such as cans. 

Thus, in accordance with the present invention, an irregular shape article, such as a beverage container, 
which includes a cylindrical wall of metal, glass, or plastic and a top and a bottom on the wall, wherein the 
wail tapers inwardly adjacent to the top/bottom to form top and bottom tapered portion is provided with a 

25 heat shrinkable layer, or laminated layers of novel shrink film produced in accordance with the present 
invention, to encircle the wall and conform to the tapered portions, for example, as disclosed in U.S. Patent 
Nos. 4,704,173 and 4,844,957, the disclosures of which are hereby incorporated in their entireties by 
reference thereto herein. Preferably, the label comprises first and second layers in laminated relationship. 
Although the invention has been described with reference to particular means, materials and embodi- 

30 ments, from the foregoing, one skilled in the art can easily ascertain the essential characteristics of the 
present invention; and various changes and modifications may be made to various usages and conditions 
without departing from the spirit and scope of the invention as described in the claims that follow. 

Claims 

35 

1- A process for making a biaxially oriented polymer shrink film, said process comprising: 

subjecting a biaxially oriented polymer film to processing conditions and temperature effective to 
produce a biaxially oriented polymer shrink film having thermal shrink properties comprising shrinkage 
in the machine direction of said film and transverse direction of said film as a function of the MD 
40 orientation mechanical MD/TD draw ratio. 

2. The process of claim 1, wherein said conditions comprise an MD reorientation mechanical MD/TD draw 
ratio between about 1.01 and about 7.5 and a corresponding line speed comprising an input roll speed 
within the range of about 200 ft/min to about 1,500 ft/min and an output roll speed within the range of 

45 about 201 ft/min to about 1 .501 ft/min. 

3. The process of claim 2, wherein said MD reorientation mechanical MD/TD draw ratio is between about 
1.10 and 2.00 and the corresponding input roll speed is within the range of about 750 ft/min to about 
850 ft/min. and said output roll speed is within the range of about 935 ft/min to about 1500 ft/min. 

50 

4. The process of claim 2, wherein said temperature is within the range of about 70* C to about 180* C. 

5. The process of claim 1, wherein said machine direction (MD) shrinkage and said transverse direction 
(TD) shrinkag ar functions of said t mperature as follows: 

55 
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Shrinkage MD (%) 


Shrinkag TD (%) 


Shrink T st 
T mperature *C 


4 to 15 


-6 to 5 


100 


6 to 25 


-8 to 7 


110 


10 to 30 


-10 to 10 


120 


12 to 40 


-12 to 15 


130 


20 to 40 


-15 to 15 


140 


20 to 40 


-20 to 15 


150. 



6. The process of claim 1 , wherein said biaxially oriented polymer shrink film exhibits tensile properties 
selected from the group consisting of: 

75 

Modulus 

MDr psi 350,000-850,000 
psi 100,000-500, 000 

20 Tensile Strength 

MD, psi 30, 000-50, 000 

TD, psi 15,000-35,000 

Ultimate Elongation 

25 

MD, % 20-120 

TD, % 50-250. 



7. The process of claim 4, wherein said conditions comprise a balance of said line speed and said 
temperature to produce in said biaxially oriented polymer shrink film machine direction shrinkage of 
greater than about 15% and a transverse direction shrinkage less than about 10% at about 140* C. 

a The process of claim 4, wherein said film has a TD shrinkage of no greater than about zero at 140 # C. 

9. The process of claim of claim 5, wherein said biaxially oriented polymer film comprises a member 
selected from the group consisting of a single layer of biaxially oriented film and multi layers of 
biaxially oriented film. 

10. The process as defined by claim 5, wherein said biaxially oriented polymer film is selected from the 
group consisting of monolayer films, multilayer films, coextruded films, extrusion coated films, and 
coated films. 



11. The process of claim 5, wherein said biaxially oriented polymer film has a thickness within the range of 
about 50 to about 200 gauge. 

12. The process of claim 1, wherein said polymer is selected from the group consisting of polyolefins, 
polyolefin copolymers and blends of polyolefins and polyolefin copolymers. 

13. The process of claim 12, wherein said polymer is polypropylene. 

14. A shrink film comprising: 

a biaxially oriented polymer film having an imbalance of shrinkage consisting essentially of a 
machin direction (MD) shrinkage greater than a transverse direction (TD) shrinkage in a MD/TD rati of 
2:1. 



15. The shrink film of claim 14, wherein said MD shrinkage and said TD shrinkag are functions of 
t mperatur as follows: 
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Shrinkag MD(%) 


Shrinkag TD (%) 


Shrink Test 
T mperatur *C 


4 to 15 


-6to5 


100 


6 to 25 


-8 to 7 


110 


10to30 


-10 to 10 


120 


12 to 40 


-12 to 15 


130 


20 to 40 


-15 to 15 


140 


20 to 40 


-20 to 15 


150. 



16. The shrink film of claim 14, wherein said biaxially oriented film exhibits tensile properties selected from 
the group consisting of: 

75 

Modulus 

MD, psi 350, 000-850,000 

TD r psi 100,000-500,000 

20 Tensile Strength 

MD, psi 30,000-50,000 

TD, psi 15,000-35,000 

Ultimate Elongation 

25 

MD, % 20-120 

TD, % 50-250. 



17. The shrink film of claim 14, wherein said MD shrinkage is greater than about 15% and said TD 
shrinkage is less than about 10% at about 140* C. 

18. The shrink film of claim 14, wherein said biaxially oriented polymer film is selected from the group 
consisting of monolayer films, multilayer films, coextruded films, extrusion coated films and coated 
films. 



19. The shrink film of claim 14, wherein said shrink film comprises poly olefins, poly olefin copolymers, and 
blends of polyolefins and polyolefin copolymers. 

20. The shrink film of claim 19, wherein said polyolefin comprises polypropylene. 

21. The shrink film of claim 14, wherein said biaxially oriented polymer film has a thickness within the 
range of about 50 to about 200 gauge. 

22. A process for making a biaxiaJly oriented shrink film comprising: 

a) heating a biaxially oriented film to a temperature within the temperature range of 100* C to about 
180*C; 

b) drawing the heated biaxially oriented film under conditions effective to extend the heated biaxially 
oriented film by at least 1.10 times the original length of said biaxially oriented film in the machine 
direction; and 

c) cooling the drawn film while said drawn film is under tension, whereby a shrink film is produced 
having thermal shrinkage properties which are a function of temperature. 

23. Th process of claim 22, wherein said t mperatur is within the rang of about 70* C to about 180* C. 

24. Th process of claim 23, wher in said conditions compris a balance of lin speed and temperature to 
produce in said biaxially oriented polymer shrink film machine direction shrinkage of greater than about 
15% and a transverse direction shrinkag of less than about 10% at about 140* C. 
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25. Th process of claim 24, wherein said biaxially oriented polym r shrink film exhibits tensil properti 
selected from the group consisting of: 

Modulus 

MD f psi 350,000-850,000 
TD, psi 100, 000-500, 000 



Tensile Strength 

MD, psi 30,000-50,000 

TO, psi 15,000-35,000 

Ultimate Elongation 

MD, % 20-120 

TD, % 50-250. 



26. A biaxially oriented polymer shrink film produced by the process of claims 1, 2 or 22. 

27. A shrink film laminate comprising: 

at least one biaxially oriented polymer film having an imbalance of shrinkage consisting essentially 
of a machine direction (MD) shrinkage greater than a transverse direction (TD) shrinkage. 

2a The shrink film laminate of claim 27, wherein said MD shrinkage and said TD shrinkage are functions of 
temperature as follows: 



Shrinkage MD (%) 


Shrinkage TD (%) 


Shrink Test 
Temperature *C 


4to15 


-6to5 


100 


6 to 25 


-8 to 7 


110 


10 to 30 


-10 to 10 


120 


12to40 


-12 to 15 


130 


20 to 40 


-15 to 15 


140 


20 to 40 


-20 to 15 


150. 



29. The shrink film laminate of claim 27, wherein said biaxially oriented film exhibits tensile properties 
selected from the group consisting of: 

Modulus 

MD, psi 350,000-850,000 

TD, psi 100,000-500,000 

Tensile Strength 

MD, psi 30,000-50,000 

TD, psi 15,000-35,000 
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Ultimate Elongation 

MDr % 20-120 
TD * % 50-250, 



30. The shrink film laminate of claim 28, wherein said MD shrinkage is greater than about 15% and said TD 
is less than about 5% at about 140* C. 

10 

31. The shrink film laminate of claim 27, wherein at least one of said biaxially oriented polymer films has a 
minimum draw ratio of less than about 1.4 RD. 

32. The shrinkage film laminate of claim 27, wherein at least one of said biaxially oriented polymer film has 
75 an MD reorientation MD/TD mechanical draw ratio within the range of about 1.1 to 1.37. 

3a The shrink film laminate of claim 27, wherein said polymer is selected from the group consisting of 
polyolefins, copolymers of polyolefins and blends of polyolefins and copolymers of polyolefins. 

20 34. The shrink film laminate of claim 33, wherein said polymer is polypropylene. 

35. The shrink film laminate of claim 27, wherein said laminate comprises at least two layers of said 
biaxially oriented polymer film. 

25 36. The use of the film as claimed in claim 26 combining covering a portion of an article with said biaxially 
oriented polymer shrink film and subjecting said covered article to heat at a temperature sufficient 
toshrink said biaxially oriented polymer film around at least a portion of said article. 
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